We analyzed the relationship between abnormal repetitive behaviour (ARB), the presence/absence of environmental enrichment, and two types of behavioural disinhibition in farmed American mink, Neovison vison. The first type, recurrent perseveration, the inappropriate repetition of already completed responses, was assessed using three indices of excessive response repetition and patterning in a bias-corrected serial two-choice guessing task. The second type, disinhibition of prepotent responses to reward cues, a form of impulsivity, was tested in a locomotive detour task adapted from primate reaching tasks: subjects were required to walk around, rather than directly into, a transparent barrier behind which food was visible. In older adult females, recurrent perseveration positively predicted pre-feeding abnormal repetitive locomotion (ARL) in non-enriched housing. High-ARL subjects also performed repeated (same-choice) responses more rapidly than low-ARL animals, even when statistically controlling for alternated (differentchoice) response latency. Mink performed much less ARL following transfer to enriched housing, but there was no corresponding change in recurrent perseveration. Thus, elevated recurrent perseveration is not sufficient for frequent ARL; and while captive environments do determine ARL frequency, in mink, they do not necessarily do so by modifying levels of perseveration. Disinhibition of prepotent responses to reward cues, meanwhile, did not predict ARL. In a separate sample of differentially-housed young adults, neither type of behavioural disinhibition predicted ARL, and again, whether or not housing was enriched did not affect behavioural disinhibition despite affecting ARL. Thus, the relationship between recurrent perseveration and ARB may only develop with age; longitudinal studies are now required for confirmation.
Introduction
A range of activities termed 'abnormal repetitive behaviours' [1] , 'restricted repetitive behaviours' [2] , or 'stereotypic behaviours' [3, 4] spontaneously occur in certain human clinical conditions (e.g. mental retardation, schizophrenia, or autism) and in some caged animals. They include stereotypies, traditionally defined as repetitive, invariant, and apparently functionless [5, 6] , more morphologically variable activities such as hair/fur/feather plucking, and -in humans -behavioural expressions of obsessions or restricted interests. In this paper, we will use the term abnormal repetitive behaviour (ARB) to encompass all of these. ARB can be induced in research animals via extreme early maternal deprivation [7] , treatment with psychostimulant drugs [8, 9] , or genetic manipulations, as in DAT knockout [10] and Fragile X models [11] .
In both humans and manipulated research animals, altered functioning of the basal ganglia and corticostriatal circuits is implicated in ARB. For example, in apomorphine/amphetamine/cocaine treated rats, drug-induced repetitive oral and whole-body movements correlate with overactivation of corticostriatal striosome-based circuits, relative to matrix-based circuits [12] ; in deer mice, striatal infusion of dopamine receptor antagonists selectively decreases repetitive jumping, but not other motor activity [13] ; conversely, DAT knockout induces repetitive locomotion and promotes dopaminergic activity in mice, especially in the striatum and nucleus accumbens [14, 15] .
The corticostriatal circuits or loops involved play an essential role in executive function and motor control [16] , relaying information from processing areas of the cortex to the basal ganglia, where it is integrated and modulated, back to behaviour-generating cortical areas via the thalamus [17] . Each circuit contains both an inhibitory, "indirect" pathway and an excitatory, "direct" pathway [18] . Hypoactivity of the indirect relative to direct pathways is thought to lead to ARBs [19, 20] . Statistical associations between perseveration -the tendency to inappropriately repeat actions [21] -and ARB provide evidence for this general impairment in behavioural inhibition. For example, in clinical human subjects participating in simple guessing or sequence-generation games, individuals who frequently repeated answers or short response sequences, despite instructions against doing so, also most frequently performed repetitive movements and had particularly circumscribed interests [22, 23] . Perseveration has also been elicited in J.A. Dallaire et al. / Behavioural Brain Research 224 (2011) [213] [214] [215] [216] [217] [218] [219] [220] [221] [222] [ Author's pre-print] 4 other circumstances known to cause ARB. For example, deprivation-reared rhesus monkeys performed more than twice as many nonrewarded lever presses as peer-reared controls in an operant extinction test [24] ; and under high doses of amphetamine, rats trained to lever-press for food continued to press even after food had been delivered [25] .
ARB is also performed by well over 85 million farm, zoo, companion, and laboratory animals worldwide (an estimate restricted to stereotypies), whose housing conditions and early experiences induce the behaviour [19, 26] . Examples include pacing in zoo carnivores [27] and jumping and backward somersaulting in caged deer mice [28] . ARB is seldom, if ever, seen in wild, free-living animals, while in captivity, it is most prevalent and severe in housing conditions devoid of environmental enrichment [26, 29] . Direct evidence that the ARB of non-enriched captive animals reflects changes in corticostriatal function includes: haloperidol, which inhibits dopaminergic action in the nigrostriatal pathway, prevented captivity-induced jumping in bank voles [30] ; and compared to non-enriched and/or stereotypic deer mice, enriched-reared individuals with negligible jumping/somersaulting showed elevated cytochrome oxidase activity in the motor cortex , striatum, and nucleus accumbens, elevated dendritic spine density in the motor cortex and striatum, and elevated brain-derived neurotrophic factor in the striatum [31, 32, 33] .
Furthermore, behavioural evidence that captive animals' ARBs are part of a suite of changes inducing generalized disinhibition includes positive correlations between perseveration in operant tasks and ARB in a wide variety of captive species [1, 34, 35, 36, 37, 38, 39, 40, 41] . This mounting evidence is sufficiently compelling that two of us have advocated abandoning the traditional, purely descriptive definition of ARB, in favour of a mechanistic definition stipulating that ARB is the product of (among other causes) CNS dysfunction [1, 3] : an issue we return to in the discussion.
Several gaps remain in our understanding of captive animals' ARB, however, three of which we focus on here. One concerns the nature and range of specific dysfunctions that underlie ARB in captive animals.
There are multiple kinds of perseveration [21, 42] , which may correspond to ARBs with differing phenotypes [1, 41] . Many animal experiments establishing a perseveration-ARB link have used some variant of operant extinction [34, 37, 38, 39, 40] , which fails to distinguish between specific types of J.A. Dallaire et al. / Behavioural Brain Research 224 (2011) perseveration. Most exceptions have focused on "recurrent" perseveration, defined as the inappropriate repetition of an already completed response to a subsequent stimulus [42] . This type of perseveration correlated positively with repetitive locomotion/oral movements in caged birds [35, 36] , with bar-mouthing in C57BL/6J mice [41] , but not in ICR CD-1 mice [43] , and with repetitive movement in clinical human patients [22, 23] . Other studies have tied "stuck-in-set" perseveration, the inappropriate maintenance of a plan or goal, to more complex ARBs like barbering in mice [1, 41] and circumscribed interests in autistic humans [23] . Another proposed cause of ARB is failure to inhibit prepotent, emotionally-motivated responses to reward cues, even when these responses are sub-optimal. This has also been termed affective perseveration [44] , although as an 'impulsive' failure to inhibit initiation of behaviour, it arguably differs from 'compulsive' (perseverative) failures to inhibit repetition of behaviour [45] . The presence of repetitive, emotionally salient cues within an otherwise barren captive environment could conceivably lead to ARBs. Thus, for example, Cabib [46] argues that cage-climbing in food-deprived mice is elicited by the sustained presence of a food cue (the hopper).
A second unknown is the mechanism by which environmental enrichment reduces ARB. Environmental enrichment (EE) describes the provision of stimulation and opportunities to perform highly motivated behaviours [40, 47] . EE is less successful at eliminating ARB than at preventing it in the first place [48, 49] ; in zoo animals for example, adding EE typically only reduces time spent performing stereotypies by 50% [47] . EE provided to animals who already perform ARB may only partially alleviate any underlying dysfunction, with more severely impaired animals being most resistant to enrichment. As an analogy, jumping/somersaulting in deer mice is most effectively reduced by adenosinergic A 1 /A 2A receptor agonists in animals with already low levels of the behaviour [50] .
The final unknown is whether previous associations between ARB and physiological, anatomical and behavioural indices of corticostriatal function reflect abnormal, dysfunctional changes induced by inadequate environments, or instead normal variation. In some instances this is clear: in deer mice, being raised with or without environmental enrichment induces group differences in jumping/somersaulting, perseveration and post-mortem indices of basal ganglia function [31, 32, 39] ; while in African striped mice, J.A. Dallaire et al. / Behavioural Brain Research 224 (2011) [34, 35, 38, 39, 41] . These individual differences could reflect normal variation, with a mean and variance no different from enriched-housed animals. For example, in adult humans who do not have obsessive-compulsive disorder, stuck-in-set perseveration has been found to correlate positively to obsessive-compulsive-like behaviours, despite these behaviours and perseveration both being in the normal, non-clinical, range [52] .
Our study therefore had three main aims, each tested in a separate experiment. In Experiment 1, we tested the hypothesis that behavioural disinhibition underlies the performance of ARB in adult female American mink, Neovison vison, raised and housed in non-enriched conditions. We predicted that recurrent perseveration and/or disinhibition of prepotent responses to reward cues would correlate positively with ARB. If recurrent perseveration proved predictive of ARB, we also expected subjects who frequently perform ARB to make repeated (same choice) responses, but not necessarily alternated (different choice) ones, particularly rapidly in the guessing task, as previously seen in parrots [36] . This would suggest that these individuals lack inhibitory control specifically over behavioural repetition, which may account for their ARB. In Experiment 2, we provided Experiment 1's subjects with environmental enrichment to test the hypotheses that EEs that reduce subjects' ARB also correspondingly reduce their perseveration/disinhibition, and that EE is least effective at reducing ARB in originally highly perseverative/disinhibited subjects. We predicted that both ARB and perseveration/disinhibition would be reduced, and that the smallest reductions in ARB would be observed in subjects with the highest levels of recurrent perseveration and/or disinhibition of prepotent responses to reward cues in non-enriched housing. Finally, in Experiment 3, we screened differentially raised (non-enriched vs. enriched) young mink, to test the hypothesis that EE that prevents ARB from developing, as juveniles reach adulthood, also leads to the development of lower levels of recurrent perseveration and/or disinhibition of prepotent responses to reward cues. We predicted that mink in enriched housing would show lower levels of both ARB and perseveration/disinhibition.
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We chose American mink, Neovison vison, as a model because their ARB is very sensitive to cues predictive of food arrival, typically peaking in prevalence and rate immediately before the arrival of food [53, 54] . This species is therefore a likely candidate for a relationship between ARB and disinhibition of responses to reward cues. The main ARB of interest, in these mink, was abnormal repetitive locomotion (ARL: see Table 1 ), but we also considered another type of ARB, Scrabbling, separately for two reasons.
First, unlike ARL, it often appears to be directed at other mink, and other authors have reported that similar "scratching" seems to be an attempt to enter an area to which access is denied [55] . Second, some authors consider such behaviour to be an ARB if it is repetitive enough [56] , while others never do [57] . Repetitive head/upper body movements (e.g. bobbing, weaving, repeated either immediately or after a short scrabbling bout) or locomotive route-tracing (which often includes performance of particular upper body movements or of scrabbling at fixed areas along the route). Unambiguous ARL = 3 or more consecutive repetitions Borderline ARL = < 3 consecutive repetitions
Scrabbling
Subject scrabbles or scratches with forepaws against the plastic walls of the cage or nestbox. If part of a larger sequence of ARL, the behaviour is counted in both categories.
Normal Activity
Any other activity (e.g. interacting with enrichment items, walking, sniffing, grooming, eating, drinking, urinating, defecating) Inactivity Subject is lying down motionless, except for minor positional adjustments.
Methods

Subjects
For Experiments 1 and 2, mature adult females who performed at least some degree of ARB (two cohorts: 28 months old, n = 10; 52 months old, n = 7) were selected from Michigan State University's Experimental Fur Farm, where they had been raised and housed in typical fur farm wire mesh cages (W25 cm X D50 cm X H35 cm) and moved in August 2009 to an indoor facility (see below). We chose to use relatively old animals because previous work has shown age to positively correlate with perseveration [37] and because ARB can be more difficult to eliminate using EE in older animals [48, 49] . The only available mature adults were female ex-breeders, as male mink are typically killed in their first winter. For 
Housing and Husbandry
The indoor facility had an artificial light cycle yoked to sunrise and sunset times. Animals had ad lib.
drinking water via a water line and nipple drinker, and were fed c. 150 g (females) or c. 250 g (males) of standard mink feed (a meat-based paste) once a day. Non-enriched housing consisted of a home cage (W60 cm X D75 cm X H45 cm) with external nestbox (W21 cm X D25 cm X H30 cm). In addition to the home cage, Enriched housing also included a second, larger cage (W120 cm X D75 cm X H45 cm) containing a variety of manipulable objects, a plastic swing/hammock, and a 120 cm long trough of circulating filtered water (5-10 cm deep), supplied because mink are semi-aquatic [58] and highly motivated to access water baths [59] . This enriched cage was accessed from the home cage by using ramps to climb a tower (W55 cm X D15 cm X H120 cm), traversing a 3 metre tunnel, and descending an identical tower with identical ramps. The older females were initially placed in Non-enriched housing for 
Behavioural Observations
For Experiment 1, we conducted behavioural observations on older adult females during three 6-day periods (September, October, December); and for Experiment 2, during two 6-day periods after their 9 transfer to Enriched housing (February, March). Subjects were given a new manipulable object on the afternoon preceding the start of each of the two Enriched observation periods. Animals were scanned every 9 minutes during the 3 hours immediately preceding scheduled feeding. We used a modified type of instantaneous scan sampling, recording the behaviour being performed at the end of a 10-second observation period. This allowed us to gauge the repetitiveness of behaviours. Behaviours were classified according to the ethogram in Table 1 . JD conducted all observation periods but one (September), conducted by RKM. Observed frequencies were positively correlated between observers (e.g. r = 0.51, p = 0.038 for ARL) and thus were pooled for the remainder of our analyses. In Experiment 2, the observer was blind to mink identity and thence to levels of ARB in NEE. In Experiment 3, observations of young mink were conducted over 3 periods, by RKM (September, January) and by JD (October).
Testing for recurrent perseveration
In humans, recurrent perseveration can be assessed from repetition of responses in guessing or sequencing tasks. For example, asked to guess the colour of successive playing cards drawn from a pack, or to place coloured markers in order, autistic children show a high degree of consecutive repetition (e.g. guessing 'black' several times in a row) and sequential dependency (i.e. patterning, or nonrandomness) within series of responses [23, 60, 61, 62] . A similar two-choice guessing task [22, 63] , also known as a "gambling" task, has been adapted for use with laboratory monkeys [64] , birds [35, 36] , and mice [41, 43] , and we used an analogous task for mink. Subjects chose between two doors ( Figure 1a ) to receive either a food reward (either a piece of hotdog sausage , c. 0.75 g, or a small dab of mink feedswitching on any trial after a subject declined to consume a reward), or a 30-second timeout. The "correct" (rewarded) door was randomly determined for each trial, but with a weighting designed to discourage prolonged repetition [36] , using the formula: probability that left door is correct = 1 -number of left responses in last 20 trials / 20. Test order was randomized and counter-balanced across days. To maximize food motivation, mink were tested before their daily meal. Prior to the actual test, subjects underwent 'forced choice' training sessions in which one door or the other (in random order) was locked, and the other rewarded.
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10 calculated over all 120 trials, computed using the normal approximation to the binomial distribution.
Positive scores indicate excessive repetition; negative scores, excessive alternation.
2) Measures of sequential dependency:
2a) Third-order Markov Model: following Garner and colleagues [35, 36, 41] , we compared the observed frequency of each of 16 possible 4-response sequences (e.g. RLRR or LRRL) to that expected based on each subject's global side bias. Thus, we obtained a χ² value and calculated the corresponding p value.
This value was then subtracted from 1, yielding the probability that data are sequentially dependent, and logit transformed to make its distribution unbounded.
2b) Detrended Fluctuation Analysis: DFA is a fractal method of analyzing self-similarity in sequential binary data, recommended for ethological analyses of sequential behaviour [65, 66] . DFA yields a single alpha score for each mink's response sequence, which equals 0.50 for random data sequences and increases with sequential dependency. Barring extreme cases, alpha scores for random sequences are unaffected by side bias.
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We also tested whether average response latencies predict ARB, expecting that latencies to make repeated responses would negatively correlate to ARB, while alternated response latencies would not.
We also tested whether repeated response latency negatively predicts ARB after controlling for alternated response latency, which would indicate that high-ARB individuals perform faster repeats than low-ARB individuals with the same alternated response latency.
Testing for disinhibition of prepotent responses to reward cues
In the detour reaching task for primates, subjects must retrieve a toy or food reward behind a transparent barrier [67] . Failure to reach around, rather than directly into, the barrier is considered to reflect an impulsive lack of inhibitory control over behaviours influenced by appetitive stimuli [68, 69] . In adapting the detour reaching task for mink, two main modifications were required. First, we attempted to ensure that our subjects, probably less reliant on visual cues than primates [58] , also received olfactory cues of reward. Second, subjects were required to walk, rather than to reach, around a barrier. Similar tasks involving locomotive detours around transparent barriers have seen widespread use in non-primates [70] , and have been used in human infants [71] . In our locomotive detour task, mink chose between three For Experiment 1, older females were tested in the detour task for 6 sessions in November/December.
Prior to testing, they were trained for 4 sessions (3 Opaque-only, then 1 mixed). Early training sessions included only Opaque trials, to ensure that subjects could learn to perform the task in ideal conditions, without distracting cues of reward. Tamarins have been shown to perform a detour reaching task more proficiently if first trained with an opaque, rather than a transparent, barrier [44] . Because our detour task was a test of inhibitory control, it was crucial that subjects first have the opportunity to learn the correct response. Otherwise, they could not be expected to inhibit incorrect entries into the middle corridor, regardless of inhibitory control. Data were not collected in Experiment 2: older females were not retested in Enriched housing because increased experience performing detours around mesh within the tunnels of the EE housing represented a potential confounding explanation for any improvement in the task. Due to time constraints, young adults were trained only once in the ad lib sausage consumption session, and then tested for 4 sessions in April 2010. Partially addressing the concern that EE subjects are more experienced with detours around mesh, the mesh barrier at the end of the middle corridor was removed, and either the opaque plastic screen or a clear piece of plastic with holes drilled into it (to allow passage of odours) was inserted, the latter for Transparent trials.
Older females (Experiment 1's subjects) also participated in subsequent trials to validate that middle responses in Transparent trials were due to failures to inhibit responses to the food cues, rather than to a lack of understanding that mesh is impassable, or failure to perceive the mesh from a distance. We ran 3 more sessions in which the food and bowl were not present in the apparatus. Food rewards were instead concealed outside the apparatus, held by the experimenter and delivered to subjects manually when they reached the bowl's former location. We then returned the bowl and food to the apparatus for 2 further sessions. If middle responses in Transparent trials were due to failures to inhibit responses to the food cues, then they should decline when the food and bowl were removed, and be reinstated when the food and bowl were returned.
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Statistical analyses
Markov model sequential dependency scores and guessing task response latencies were log-transformed in order to normalize their distributions and to ensure that residuals computed from them in parametric tests would also be normally distributed. Using Minitab 15, General Linear Models (GLM) were used for all analyses at α = 0.05 using Type II SS, except in repeated measures tests where Type III SS were used. Where the residuals of GLMs involving proportions (e.g. ARB time budgets) as predictive variables were non-normal, these tests were instead performed with the proportions arcsin-square root transformed, which normalized residuals. GLMs testing for a correlation between some indices of recurrent perseveration and arcsin-square root transformed ARB frequencies employed a square-root link function, because visual inspection revealed non-linear relationships. Cohort was included as a categorical factor in all analyses on older females, and sex in all analyses on young adults. To check robustness, tests involving ARL or Scrabbling were run twice, using either the behaviour's frequency as a fraction of the entire time budget or as a fraction of all activity. We also ran separate tests for Unambiguous and Borderline ARL, given that they were not necessarily expected to relate to disinhibition in the same way. Where change in ARL was the dependent variable, it was quantified in four different ways [49] : a) absolute change in ARL frequency (EE -NEE), b) relative change in ARL frequency (EE/NEE), c) residual change in ARL frequency (residuals of a regression of ARL in EE on ARL in NEE) and d) we also ran the GLM with ARL in EE as the dependent variable and ARL in NEE as a covariate, which is conceptually equivalent to residual analysis, but avoids problems associated with this approach [72, 73] . When testing for the effects of recurrent perseveration, all three indices (see above) were tested separately. When testing for the effects of disinhibition of prepotent responses to reward cues, the fraction of middle responses in Transparent trials was corrected for the fraction of middle responses in Opaque trials. To conserve degrees of freedom, where models included covariates other than our main variable of interest, the only interactions included were those between cohort (or sex) and the latter. We did, however, verify that including further interactions made no qualitative difference to our results. To test for effects of housing on the frequency of different behaviours in older females, we used a repeated measures GLM with subject (nested within cohort) as a random factor. This procedure was also used to
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15 investigate the effect of trial type and testing period on the number of middle responses in the detour task and, in this case, followed up with orthogonal paired t-tests comparing trial types within each testing period.
Results
Effects of cohort, sex, and interactions are non-significant unless stated otherwise. All scatter plots show partial regressions: ARL frequency and the independent variable of interest were separately regressed against all other independent variables in the model, and the residuals obtained from these regressions were then corrected for range (by adding the variable's mean) and plotted against each other.
Experiment 1 -Perseveration/Disinhibition and ARB in Non-enriched conditions
All three indices of recurrent perseveration significantly inter-correlated in the expected direction (all nor Scrabbling (all indices: F 1,10 < 0.48, p > 0.506).
Experiment 3 -Does enriched rearing affect perseveration?
Enriched-housed juveniles/young adults performed significantly less Unambiguous ARL ( 
Discussion
Our first aim, In Experiment 1, was to screen for recurrent perseveration and disinhibition of prepotent responses to reward cues in the same animals, and to assess their relationships with ARB induced by long-term housing in non-enriched conditions. Our modification of the detour reaching task is the first application of this type of technique to a non-primate for the purpose of assessing disinhibition of prepotent responses to reward cues. We found no relationship between ARB and disinhibition of prepotent responses to reward cues, even though mink ARB is stimulated by cues predictive of food and by food restriction [53, 54] . This might reflect a problem with the test itself: future work could further validate this as a test for responsiveness to appetitive cues in non-primates by manipulating cue strengths (c.f. [74] ) or by testing with a wider array of reward types. A methodological improvement might be to train subjects more extensively before testing, to eliminate middle responses in Opaque trials, leaving only those responses in Transparent trials that actually stem from inhibitory failure. Non-primate experiments involving detours around transparent barriers have tended to focus not on impulsive disinhibition, but rather on "insight" or social learning [75, 76] (for a recent discussion which bridges this gap, see [77] ). Thus, while many species more readily perform detours around opaque than around transparent barriers [74, 78, 79] , they may do so simply because of poor comprehension. However, one of these studies [74] suggested that the difficulty of the task was affected by motivational characteristics of the goal behind the transparent barrier. This parallels findings from our validation trials: only when food cues were available behind the blind-ended middle section did subjects move directly into it, toward the food reward, more often when the barrier was transparent than when it was opaque. When food cues were absent, in contrast, the barrier being transparent had no such effect. Thus, our test as conducted does seem valid. We also found that individual mink were stable in their degrees of disinhibition in this task (Figure 4) , suggesting reliability as well as validity. The lack of a relationship between pre-feeding ARB and disinhibition of prepotent responses to reward cues could thus reflect a genuine lack of effect.
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Therefore, individual differences in pre-feeding ARB in mink likely do not reflect behaviour that is readily controlled by reward cues. Previous work has shown, however, that different aspects of impulsive behaviour can be dissociated from each other [80] . It is possible, then, that performance on tests designed to measure other impulsive deficits, like delay discounting or premature responding, would correlate with ARB, even though performance on the detour task did not. Premature responding may be particularly likely to correlate with ARB in mink, given that high-ARB individuals responded with the shortest latencies in the guessing task for recurrent perseveration. Within the context of that experiment, however, these responses were simply fast, not premature or inappropriate, and should not be taken as measures of impulsivity.
Recurrent perseveration successfully explained 22-37% of the variance in Unambiguous ARL in our older subjects, depending on the index used. These results, and similar ones obtained after transferring the mink to enriched housing, provide further support for a widespread relationship between recurrent perseveration and ARB, particularly stereotypy (of which ARL is one type) [22, 23, 35, 36, 41] . We used one measure specifically sensitive to repeated responses, and two sensitive to higher order patterns.
Furthermore, our prediction that older females with frequent ARL would perform repeated responses with shorter latencies than would lower-ARL subjects was supported, paralleling existing data from birds [36] .
While this was also true of alternated responses, further tests showed that even when alternated response latency is controlled for, high-ARL subjects perform repeated responses with particularly short latencies. This provides further evidence for the idea that disinhibition, particularly that of repeated behavioural responses, is mechanistically involved in recurrent perseveration.
Our data also revealed some exceptions to the positive relationship between pre-feeding ARB and recurrent perseveration. First, recurrent perseveration was found not to predict Borderline ARL, behaviours that were not quite repetitive enough to meet our criterion for Unambiguous ARL: a discrepancy that further suggests that recurrent perseveration is involved specifically in the repetitive aspect of abnormal repetitive behaviour. Second, despite its very repetitive appearance, 'Scrabbling', in which mink rapidly scratch at a plastic surface with their forepaws, did not co-vary with recurrent 24 perseveration in either housing condition; thus the relationship between ARB and perseveration is not a universal one (for other recent exceptions in mice, see [40, 43] ). Finally, when this relationship was reexamined in young adult mink in Experiment 3, no correlation between recurrent perseveration and any type of ARB existed in this group. Statistical power was inadequate for this test in our young adults, however. If there truly was no relationship in younger mink, the relationship between ARB and recurrent perseveration may be one that develops over time. A longitudinal study is now needed, both to properly replicate the lack of a relationship in younger mink, and to formally investigate whether recurrent perseveration only comes to be involved in the control of ARB in older animals.
Our study did not address the involvement of the basal ganglia and corticostriatal circuits in behavioural disinhibition and ARB. Neuro-anatomically, there are multiple parallel corticostriatal circuits responsible for different aspects of behavioural control [81] . Disinhibition in different circuits may result in perseveration at different steps of behavioural control, and in ARBs of corresponding types. For example,
Garner [1] has speculated that both recurrent perseveration and stereotypies are repetitive manifestations of dorsal striatal (putamen), sensorimotor circuit disinhibition. While selective neuropharmacological motor circuit manipulations can induce ARB [13, 82] , future work is needed to show specific involvement of the motor circuit in recurrent perseveration. Disinhibition of prepotent responses to reward cues, meanwhile, can result from altered functioning of the ventral striatal, limbic circuit (ventral striatum and associated areas, principally the nucleus accumbens shell) [83] . For example, neuropharmacological manipulation of rats' nucleus accumbens led to preferences for small, immediate rewards over large, delayed ones [84] .
Social isolation caused the same effect in rats [85] , in addition to altering levels of dopamine transporter protein in the nucleus accumbens [86] . Limbic function may be tied to captive animals' ARBs: for example, crib-biting horses had higher nucleus accumbens dopamine receptor densities than did noncrib-biters [87] , and the frequency of pigs' spontaneous chain-chewing, before amphetamine administration, correlated positively with subsequent amphetamine-induced locomotion [88] , an accumbens-mediated response [89] . Future research should attempt to directly validate our guessing and detour tasks as measures of, respectively, dorsal and ventral striatal function. This could be done by assessing performance on these tests after selective basal ganglia lesioning or administration of 
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dopaminergic agents. The frozen brains of the animals used in our experiments could also be tested, via cytochrome oxidase staining, for a correlation between guessing or detour task performance and activity in corresponding striatal structures.
Experiment 2 tested the hypotheses that highly perseverative animals would have ARB particularly resistant to reduction by EE, and that EE that effectively reduced ARB would also correspondingly reduce perseveration. Neither of these hypotheses was supported. First, recurrent perseveration did not predict how easy ARB was to eliminate. Given the great range in changes in all types of ARB following transfer to enriched housing, this lack of effect could not reflect ceiling or floor effects. Instead this suggests that, at least in mink, factors aside from processes affecting behavioural inhibition are responsible for EE effectiveness. Thus even though Experiment 1 showed that recurrent perseveration closely predicted the time-budget devoted to ARL, it did not predict another index of severity in the same subjects: resistance to enrichment. One possible explanation relates to how much time individuals devote to the new behavioural opportunities offered by enrichments, and/or how rewarding they find them [40, 49] . We found no support for the second hypothesis tested in Experiment 2: even though after 2-3 months of EE exposure, ARL was reduced on average by over half, recurrent perseveration was not reduced at all. This is unlikely to simply be a Type II error, as equivalence tests suggested we had sufficient power. Thus, providing enrichment to non-enriched raised mink did not reduce perseveration concomitantly as it reduced ARB. Our result shows that changes in recurrent perseveration are clearly not necessary conditions for changes in ARB, and acts as a further reminder that processes relating to perseveration are not the only mechanisms underlying ARB performance.
In Experiment 3, we screened differentially housed (non-enriched vs. enriched) young mink, to test for the hypothesis that EE that prevents ARB from developing as juveniles reach adulthood, also leads to the development of lower levels of perseveration. Unlike in older adults, we found no relationship between ARL and recurrent perseveration. Equivalence tests, however, showed that power was insufficient to reach a firm conclusion. It is plausible, then, that the lack of such a relationship in young adults reflects a Type II error, rather than true lack of effect. Mirroring our findings from Experiment 2, we found no 
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